Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:01980004107072300 724 motion seems to be well-described by rotational diffusion. At higher temperatures, the J model seems to be more apt although the mean time between collisions is relatively short. By contrast the spinning motion of the molecular axis is not well described by the diffusion model at all the temperatures. Finally the ratio of the translational and rotational diffusion coefficients is shown to increase with temperature. This behaviour has been found for other non associated liquids. It results from a decrease of the mean square force acting on the molecular centre of mass which is faster than the mean square torque acting on the rotational motion. The latter is probably more influenced by the long range forces.
of liquid cyclopropane is studied by Raman spectrometry as a function of temperature (155, 300 K) and pressure (up to 3 kilobars). 13C and 2H nuclear magnetic resonance experiments are performed in the same temperature range. The isotropic and anisotropic Raman profiles associated to A'1 vibrational modes allow the determination of the orientational correlation function describing the reorientation of the molecular axis characterized by the diffusion coefficient D~. The study of the anisotropic profile corresponding to a mode of E" symmetry with a zero Coriolis constant allows the evaluation of the D~ constant describing the molecular axis spinning motion. NMR relaxation time T1 of natural abundance 13C under proton decoupling conditions and nuclear Overhauser enhancement allow the determination of the TDD1 relaxation time This justifies the approximations made in the analysis of the Raman data. This study shows that the orientational motion of the cyclopropane molecules in liquid state is very anisotropic. At low temperature the molecular axis motion seems to be well-described by rotational diffusion. At higher temperatures, the J model seems to be more apt although the mean time between collisions is relatively short. By contrast the spinning motion of the molecular axis is not well described by the diffusion model at all the temperatures. Finally the ratio of the translational and rotational diffusion coefficients is shown to increase with temperature. This behaviour has been found for other non associated liquids. It results from a decrease of the mean square force acting on the molecular centre of mass which is faster than the mean square torque acting on the rotational motion. The latter is probably more influenced by the long range forces.
1. Introduction. 2013 Molecular motion in simple liquids has been the subject of various studies for fifteen years with the view of analysing the relaxation processes which may be obtained by different spectroscopic techniques and as a means to a better understanding of the liquid state. Some of these techniques are now well mastered making it possible to use them simultaneously to ensure more reliable results and to yield a more complete description of the molecular dynamics. Liquid cyclopropane seems to us a good subject of study ; this molécule is a symmetric top and the liquid phase covers a large range of temperature (melting point 145.4 K) under few atmospheres (vapour pressure at room temperature # 7 atmospheres). In a recent paper [1] , we have presented a study of the molecular motion of the centre of mass using incoherent neutron scattering and spin-echo nucléar magnetic resonance. The aim of this paper is to analyse the orientational fluctuations of this molécule using the results obtained by other techniques as well. Raman scattering and nuclear magnetic resonance are powerful and complementary tools to study such motion, in particular for symmetric tops [2] . From isotropic and anisotropic Raman profiles corresponding to a totally symmetric vibration it is possible to obtain the tensorial correlation function of rank 2 describing the molecular axis reorientational fluctuations [2] . Information on the spinning motion around this axis can be obtained from the degenerate scattering profiles by making some simplifying assumptions and using modes with a zero Coriolis constant [3] . Nuclear magnetic relaxation Tl longitudinal relaxation times measurement allows the evaluation of correlation times related to molecular reorientation. If the nucleus under consideration possesses a spin greater or equal to unity the origin of the relaxation process is mainly quadrupolar and if one knows the quadrupolar coupling constant and the asymmetry parameter it is possible to obtain the orientational correlation time [2, 4] . Half [5] from the dipolar relaxation term. It is customary however to neglect in these studies the dipolar cross-correlation terms. In a number of cases, these terms might be important and some authors have shown that for AX2 [6, 7] or AB2 [8, 9, 10] [6, 7, 19, 20] . These authors have shown that when the multiplet structure of the spectrum is preserved, the cross-correlation terms play a fundamental role in the analysis of the temporal evolution of the magnetization associated to these multiplets. On [25, 35] . The main attributes of the liquid Raman spectrum (Fig. 1 ) known for twenty years [23, 24] are still valid. [33, 36] .
We have to emphasize that none of these profiles contain hot bands, the lowest vibrational energy level of cyclopropane is located at 740 cm -1. [37] . The pola- rized A1 profile was studied at pressures up to 1 500 atmospheres using fused quartz windows and that of the depolarized E" mode up to 3 000 atmospheres using sapphire windows. The spectrometer is coupled to an analog-digital recorder which allows the experimental data to be collected on magnetic tape for computer processing. The numerical data reduction was analogous to that described previously [3, 38] . 3 (Fig. 3) , the corresponding correlation functions and the orientational correlation function are calculated by taking into account only the high frequency side of the profile in order to avoid the 13C line.
A spectral interval of 150 cm -1 was studied corresponding to a temporal resolution in the correlation function of the order of 0.1 ps (Fig. 4) .
The E" profile is a very broad depolarized profile which is superimposed on the low frequency region with two Ai bands (Fig. 1) . Assuming again that this band is symmetric, the analysis of the high frequency side of the anisotropic profile to approximately 200 cm-1 (Fig. 5) allows the evaluation of the corresponding correlation function (Fig. 6 ) with a temporal resolution of the order of 0.08 ps. The high frequency side of the isotropic profile varies in a monotonic way with frequency ( Fig. 3) and is very nearly Lorentzian. The dilution of the isotopic compound has little influence on this profile (Fig. 7) whose width varies from 5.5 cm-1 to 4.5 cm-1 showing that the exchange effect on the vibrational relaxation is weak and that the dilute solution approximaton can be used. Furthermore, the anisotropic profile which is situated at the same frequency, as the isotropic profile (Fig. 3) , 1 188 cm-1, is also nearly Lorentzian. It was not possible to evaluate the second moment of these profiles at all temperatures since the function did not converge in the investigated spectral range which extends from the band centre to + 150 cm-1.
The correlation functions corresponding to the high frequency side of these profiles and the orientational correlation function are quasi exponential (Fig. 4) [40] but similar to results obtain on other pure liquids [3, 38] . We attribute these vibrational correlation times to phase relaxation [41] .
The orientational correlation times L20 were also evaluated by integration or by fitting the correlation function with an exponential. The results are the same within the experimental error estimated to be 15-20 % (Table I) . We (Table III) . We note that this linearity persists for times much greater than the Ti relaxation time (Fig. 9) which shows that the cross-correlation effects are negligible [20] .
. [43] . ii) The efficiency of the relaxation processes other than the intramolecular dipolar one increases with temperature. One can conclude that among these (14) , (20) and (21) allow to write :
We have done the following hypothesis which involves TQ = 'rCHi) The principal axis of the gradient electric field tensor is along the CD bond of C3D,,.
ii) The deuteration of the cyclopropane molecule does not change its orientational dynamic. We have also neglected the asymmetry parameter, a theoretical study [44] (Fig. 4) (Fig. 11) . Such a behaviour is found for a number of simple liquids and is contrary to the one observed for strongly associated liquids (Fig. 11) [63, 64] ) ; (a) trimethylamine (refs. [38, 65] ) ; (A) cyclohexane (ref. [66] ); (+) methanol (ref. [66] ).
tants to the viscosity of the medium. However, these theories appear poorly adapted to the analysis of the motion of a molecule whose shape is of the order of magnitude of the surrounding molecules [52] .
Thus, in the translational diffusion case one is led to introduce an empirical parameter, the so-called microviscosity coefficient, which allows one to correct the Stokes-Einstein relations [53, 54] . In the rotational case, the same approach leads to the use of an adjustable parameter [53, 55, 56] . These different corrections are formally related to the boundary conditions used to solve the Navier-Stokes : stick [57] or slip [58, 59] [56, 62] For the correlation time 't'WL of a symmetric top, one must add to previous equation a term containing the precession frequency of the angular momentum around the molecular axes, however, in the fast modulation limit, iwl is generally shorter than the mean free precession time, which allows one to consider the previous expression as a good approximation of zwl [56] . Thus, and if we assume as Kivelson et al. [56] This is the condition of fast modulation. The half width at half height of the rotational profile must be smaller than the square root of its second moment.
